INTRODUCTION
============

The distal portion of the finger is exposed to a high risk of amputation. As expected, patients with finger amputation are eager to restore the length and functions of their damaged fingers to the original state. Because the artery of a fingertip has a small diameter and several branches, however, the distal portion has a low replantation success rate. In addition, replantation can be difficult without a sufficient blood supply for the survival of the tissue of an amputated distal portion of a finger or if the site of the amputation has been severely crushed or the amputation was due to an avulsion injury \[[@B1],[@B2]\]. The general methods for reconstructing a finger with an amputated distal portion include secondary intention, microreplantation, revision amputation, local flap, skin graft, and composite grafting \[[@B1]-[@B11]\]. Microreplantation is beneficial, if there is an injury to Tamai zone I or there is a crushing injury or an avulsion injury to the fingertip in Tamai zone II, because its use is restricted in the replantation ([Fig. 1](#F1){ref-type="fig"}) \[[@B2]\]. In addition, a revision amputation greatly shortens the length of the amputated finger, which might also cause a hook-nail deformity \[[@B2]\]. A local flap is beneficial, however, for retaining the length of the finger while preserving the vital tissue that should be protected (bone, ligament, and nerve) and reconstructing the amputated portion of the finger to the donor tissue whose characteristics are similar to the normal tissue of the fingertip. However, this method has a disadvantage, however, in that necrosis might occur at the surgical sites when a higher tension is exerted on the suture; the higher tension impairs the blood circulation of the finger, which can lead to ischemia and tissue loss. Due to the deformity of the fingertip, this method may also cause a malposition of the nail bed and a hook-nail deformity. Therefore, the surgical sites should be free from tension \[[@B4]\]. Besides, composite grafting has a high success rate and produces good results in treating the amputations of non-replantable fingertips in pediatric patients, but it has also been reported , however, that its success rate is as low as approximately 20% in adults \[[@B11],[@B12]\]. In cases of injuries that occur too far distal on a finger for microsurgery, however, there are options to avoid shortening the digit. These options include composite grafting and the replacement of dressing on the stump, which would be essential for the finger to heal with a secondary intention. Secondary intention involves healing of a finger that will have less than a normal function and may not be aesthetically pleasing. Therefore, despite a lower success rate and a narrow scope of application, composite grafting remains a useful surgical modality for reconstructing an amputated finger, if the diameter of the blood vessels distributed in the fingertip is smaller than 0.5 mm. Anastomosis cannot be easily achieved if the distal portion of a finger was amputated due to a crushing injury or an avulsion injury. In addition, composite grafting is particularly useful for patients who want their amputated fingers restored to the original functional and aesthetic status.

Many studies have reported that the success rate of the composite grafting procedure has improved. Brent \[[@B13]\] was the first to introduce the subcutaneous pocketing method. With the de-epithelization of the amputated fingertip, its re-attachment to the stump, and its placement in a subcutaneous pocket, this author raised the status of the nutrient supply. Thus, this author reported good outcomes from both functional and aesthetic perspectives. In recent years, Arata et al. \[[@B14]\], a scholar from Japan, has reported that successful treatment outcomes were obtained using palmar pocketing at the subcutaneous pocket site. To date, many authors have used the contralateral axillary region and abdomen as a pocket site. However, no Korean authors have reported attempting to use the palmar pocket method. Arata et al. \[[@B14]\] performed the palmar pocket method in a wide range of patients extending from pediatric to adult patients. In adults, however, the composite graft is not generally used to reconstruct the non-replantable amputated fingertip. There are a few published studies on composite graft survival of non-replantable amputated fingertips in adults and alternative methods to enhance graft survival \[[@B8]-[@B10]\]. We used a palmar pocket method following the composite graft with fingertip amputation during a period ranging from February 2004 to December 2008 in 10 adult patients. We performed a retrospective analysis of these patients. Here, we report our surgical methods and their treatment outcomes.

METHODS
=======

We conducted the current retrospective study in 10 adult patients with fingertip amputation due to a severe crushing injury in Tamai zone I or Tamai zone II during a period ranging from February of 2004 to December of 2008, for whom a micro-replantation could not be performed ([Table 1](#T1){ref-type="table"}). There were eight cases of amputation in Tamai zone I and two cases in Tamai zone II. The functional outcomes were subjectively measured with two-point discrimination and the aesthetic outcomes were evaluated using a patient self-reporting questionnaire, both of which were performed in postoperative month 6.

Sex and age distribution
------------------------

Our clinical series of patients consisted of eight men and two women, whose mean age was 36.2 years (range, 28 to 47 years).

Causes, types of injury, occupation, and distribution
-----------------------------------------------------

Causes of injury include eight cases (80%) of injury due to a press machine and two cases (20%) of crushing injury due to a door. Types of injury include seven cases (70%) of crushing injury and three cases (30%) of avulsion injury. Of the ten patients, nine were workers at a steel company and the remaining one worked at a restaurant. All of these patients lived in Pohang city, which is known for its iron and steel industry.

Methods of anesthesia
---------------------

All of the 10 patients underwent brachial plexus block anesthesia.

Surgical methods
----------------

Under the brachial plexus block, the usual preparation and draping were aseptically performed. This was followed by the application of a pneumatic tourniquet in the upper arm ipsilateral to the amputation site. Following the elevation of a pneumatic tourniquet up to 250 mm Hg, the amputated fingertip was massively irrigated with saline. If the tissue destruction was severe due to a crushing injury, marginal debridement was performed to remove some part of the necrotized tissue. In these cases, the nail was removed and the amputated fingertip was deepithelialized down to the mid-dermal layer by using a No. 10 scalpel blade. If there was a concurrent presence of a fracture of the distal phalanx, the fixation was done using a Kirschner wire. With the minimization of the external exposure of the Kirschner wire, the amputated site was re-planted using 5-0 Nylon. In addition, the composite graft was performed with the restoration of the nails using 6-0 Vicryl. The pocket was prepared on the ipsilateral palm where the finger pulp was placed in contact with as much surface of the pocket bed as possible and the finger had a contact following the flexion after the composite graft. A transverse incision of about 2 cm was made in the ipsilateral palm and the middle or deep subcutaneous layer was undermined to make a pocket.

Thus, following the creation of a pocket, the finger was fixed to the subcutaneous tissue after the composite graft until the distal interphalangeal (DIP) joint was reached in the palm using 4-0 Nylon. This was followed by dressing using a short arm Yogips splint. Then, light dressing was performed with the wrist and proximal interphalangeal (PIP), joint flexed and a massive compression dressing was avoided. The fingertip was carefully isolated between postoperative days 16 and 18, which was followed by suturing using 4-0 Nylon. The isolated finger was immediately subjected to active and passive joint movement and this was also followed by dressing.

RESULTS
=======

Of a total of ten patients who underwent the composite graft and palmar pocketing, nine had successful treatment outcomes. Of these, one patient had 20% partial necrosis. In all the patients with fingertip amputation, the dressing was performed between postoperative day 16 and 18. The epidermis and nail at the operated sites were partially reconstructed. The functional outcomes were evaluated based on the range of sensation and joint movement. At the 6-month follow-up, the recovery of sensation was subjectively evaluated using two-point discrimination in all of the patients. This showed that nine of ten patients had a mean for two-point discrimination of \<6.5 mm ([Table 2](#T2){ref-type="table"}). The motor function was also evaluated based on the active range of motion in the metacarpophalangeal, PIP, and DIP joints. The mean ranges of motion of these joints were 88°, 105°, and 72°, respectively. The aesthetic outcomes were evaluated using a patient self-reporting questionnaire, which showed that nine patients were very satisfied and the remaining one was somewhat satisfied about the pigmentation, flat pulp, atrophy, and hypertrophic scar ([Table 3](#T3){ref-type="table"}).

In the subcutaneous tissue of the palm, the treatment outcomes were evaluated based on the active and passive joint movement during a 1-month period immediately after the isolation of the amputated finger. This showed that the treatment outcomes were satisfactory from both functional and aesthetic perspectives. There were no such cases as severe flexion contracture, hook-nail deformity, inflammation, or a depocketed finger. In addition, all of the patients were satisfied with the residual scars although slight hyperpigmentation was left. A tender tip was noted in a 30-year-old woman, who was still found to be able to normally use the injured digit in daily living. Overall, all of our clinical series of patients were satisfied with the cosmetic appearance and function of the replanted fingers.

Case description
----------------

In a case representative of our experience in this series, a 32-year-old woman visited us with a chief complaint of an injury to the right long finger that the patient had sustained in a press machine at a steel press factory. The patient had experienced a complete amputation of Tamai zone I and the amputated part and amputation stump had a relatively clean status ([Fig. 2](#F2){ref-type="fig"}). Although this patient was injured at Tamai zone I, we could not perform a microanastomosis and composite graft because the rate of treatment success has been reported to be relatively low. Because the current case was a non-smoking young woman, the palmar pocketing method with a composite graft was performed to resolve cosmetic problems. The patient had the amputated finger isolated three weeks postoperatively. This was followed by conservative treatment for another approximately three weeks. There was a mild pigmentation in the finger, but this was almost unnoticeable. Overall, the treatment outcomes were satisfactory in our series.

DISCUSSION
==========

In patients with fingertip amputation, treatment goals are to achieve good functional and aesthetic outcomes. In these patients, a microanastomosis under microscopy is an essential, fundamental surgical modality, but microsurgical replantation is not always feasible for the reconstruction of a traumatic fingertip amputation for several reasons. Common situations that prevent the microsurgical replantation of a fingertip amputation \[[@B1],[@B9]\] include the following: 1) a lack of appropriate vessels for anastomosis because of the distal level of the amputation including that in Tamai zone I in particular, 2) severe soft tissue crushing injury, 3) a high risk of prolonged surgery in the elderly, 4) unavailability of microscopic equipment.

In association with this, some authors have explained that a replantation cannot be performed for injuries to Tamai zone I and II not only because the blood vessels have a smaller diameter and several branches but also because there are no veins of sufficient size for anastomosis \[[@B1],[@B2]\].

The survival of a composite graft in the amputated fingertip is dependent on the absorption of the body fluid in the amputated stump as well as the vascular in growth and revascularization of the graft. McFarlane and Wermuth \[[@B15]\] reported that the ischemia and necrosis of the a composite graft could be diminished using a hyperbaric oxygen therapy in with a pedicle flap as well as the severely damaged extremity. In addition, Hirase \[[@B11]\] reported that on the method of cooling the entire recipient site until neovascularization of the graft was developed. The successful outcomes of composite grafting in the reconstruction of the fingertips have been well documented. To date, however, good outcomes of composite grafting of fingertip amputations have mainly been reported from for children. In addition, it remains unclear whether this method would also be appropriate for adults \[[@B12]\]. It is generally known that the survival of a composite graft cannot be expected in the fingertip amputation in the Tamai zone I and II, particularly in adults \[[@B3],[@B11],[@B12]\]. It has therefore been proposed that the amputated fingertip should be placed in the subcutaneous tissue for 2 to 3 weeks to improve the survival of the replantation of the amputated fingertip using the a composite graft. Thus, attempts have been made to promote the revascularization of the amputated fingertip. To improve the survival of the composite graft, the vascular bed and the available contact surface should be increased. This would be one of the essential measures for the survival of the composite graft for the amputated finger. Rose et al. \[[@B8]\] and Uysal et al. \[[@B9]\] described the \"cap\" technique for enhancing composite graft survival by increasing the contact area between the distal amputated fingertip and the amputated stump. Several reports have described the pocket method \[[@B3],[@B13],[@B14],[@B16]-[@B20]\]. The replantation of the amputated finger using subcutaneous pocketing was first proposed by Gilles in 1940. Gilles removed the skin at the amputated fingertip and then implanted it into the recipient site using a tubed pocket. This surgical method was further developed by Gordon in 1944, Wilflingseder in 1952, and Gillies and Reid \[[@B21]\] in 1955. However, their methods have been applied to all kinds of amputated fingers without respect for the level of the amputated finger. Thereafter, Mladick et al. \[[@B16]\] reported that good treatment outcomes were obtained by applying subcutaneous pocketing to the amputated ear. With the modification of the Gillies technique, Brent \[[@B13]\] attempted a replantation of the amputated finger by performing deepithelization of the amputated finger between the lunula and the DIP joint and embedding it in a subcutaneous pocket. Of four patients, two had experienced a complete amputation of the fingertip and these patients presented with depocketing 11 and 21 days later, respectively, after the pocketing following the replantation. In these patients, dryness occurred without re-epithelialization. In another two patients who had experienced incomplete amputation of the fingertip, depocketing occurred 20 days later. These other two patients achieved complete survival following a split thickness skin graft; Brent thereby reported a success rate of 50%.

Therefore, in an effort to raise the survival rate of the composite graft and subcutaneous pocketing, Kim et al. \[[@B17]\] attempted direct contact of the deepithelialized finger pulp to the deep abdominal fascia rather than the subcutaneous adipose layer. Thus, Kim et al. \[[@B17]\] achieved complete survival at a rate of 58%. Brent \[[@B13]\] used the contralateral chest wall as a pocket site. Lee et al. \[[@B3]\] used the abdomen and the inguinal region as a pocket site. Using the above body areas as a pocket site may also cause joint stiffness and discomfort due to the long-term immobilization of the wrist and elbow and shoulder joints. This might also lead to a concern that a pocketed finger might be incidentally pulled and this might lead to a depocketing in many patients. To resolve these problems, Arata et al. \[[@B14]\] used the ipsilateral palm as a pocket site in 2001. Thus, this author achieved a complete survival in 13 of 16 cases of the fingertip amputation between the tip and the lunula. Besides, this author also reported that there were only three cases of necrosis in a small area of the tip. In the use of the ipsilateral palm as a pocket site, a smaller area of the joint is involved. In addition, the pocket site is comfortable, safe, and less rigid and it helps pediatric patients to maintain their posture during the pocketing period. Moreover, the palmar pocket improves the vascular bed and increases the surface area for the vascular contact. Thus, it eventually raises the survival rate of the finger after the composite graft.

In 2004, Muneuchi et al. \[[@B18]\] examined the level of the fingertip amputation and the scope of application of the Brent technique. According to this author, a micro-replantation could not be performed for seven fingers because the proximal or cross amputation occurred in the lunula where a crushing or avulsion injury occurred. Of these fingers, only one finger achieved a complete recovery. Thus, the above author reported that the level and type of the fingertip amputation are closely associated with the prognosis.

In Korea, Baek et al. \[[@B19]\] and Lee et al. \[[@B20]\] have published reports about the subcutaneous pocket method. According to Baek, who used the axilla, inguinal area, and contralateral chest wall as pocket sites, the success rate was 60%. Baek reported that the degree of the effective immobilization and the prevention of inflammation and hematoma would be essential factors for successful survival. Thereafter, Lee used hyperbaric oxygen therapy in combination with the subcutaneous pocketing method in eight cases of finger amputation between the DIP joint and lunula in an effort to raise the survival rate of the composite graft. According to this author, complete survival was achieved in five of eight cases of complete amputation, only partial necrosis was present in the pulp in two cases and complete necrosis was present in the remaining one case. As described here, good treatment outcomes were obtained.

In our clinical series of patients with fingertip amputation during a period ranging from 2004 to 2008, we successfully achieved survival without notable necrosis in nine of ten cases of complete amputation with one case of small partial necrosis. We have provided a proper, direct contact between the composite graft and the palmar pocket. Furthermore, we have also prevented the occurrence of hematoma in a subcutaneous pocket using strict hemostasis and light compression dressing. Furthermore, we have minimized the injury to the contact surface using a 3-week rigid fixation. Thus, attempts were made to prevent injury to the pocket site. The functional recovery was evaluated using a static two-point discrimination test. No patients had postoperative numbness, and one patient had a tender tip. However, no patients had problems with normal daily activities. The aesthetic results were evaluated using a patient self-reporting questionnaire, which indicated that nine of ten were very satisfied and one was somewhat satisfied. Overall, all of our clinical series of patients were satisfied with the postoperative outcomes. In patients with a fingertip amputation, a composite graft combined with palmar pocketing is a relatively simple modality. This surgical modality can also be applied to patients for whom a microsurgical replantation or a local flap cannot be performed because of a crushing or avulsion injury. In addition, the modality is also useful in not only raising the survival rate but also retaining the length of the nail and finger following the composite graft in adults aged six years or older. It might therefore be considered a useful modality where satisfactory treatment outcomes could be obtained from both functional and aesthetic perspectives. The use of the palmar pocket method increases the surface area for vascular contact. Because strict hemostasis and postoperative care prevent the occurrence of hematoma, the survival rate of the composite graft would be higher compared with that of the contralateral chest wall and lower abdomen as a pocket site. Besides, it reduces a concern that it causes joint stiffness and pulls the pocketed finger, which can then lead to depocketing. Thus, it enhances the degree of patient satisfaction with the treatment outcomes.

The limitations of the current study are that our results cannot be generalized due to the small sample size and relatively short (six month) follow-up period. Further long-term follow-up studies are warranted to evaluate the recovery of sensation and joint movement as well as the possibility of volume loss in the fingertip.
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![Territories of the digits and hand\
The borderline between the hand and digits is placed at the superficial palmar arterial arch, and each digit is divided into 5 zones (I to V), which are defined according to the anatomy of the blood vessels and flexor tendons, with special reference to the replantation technique. Zone I, distal end to lunula; zone II, distal interphalangeal joint to lunula (From Tamai, with permission from The American Society for Surgery of the Hand \[[@B2]\]).](aps-39-404-g001){#F1}

![Case\
(A) Preoperative dorsal view, complete amputation of the fingertip of the right long finger by a pressure machine (Tamai zone I) in a 36-year-old female patient. (B) Preoperative palmar view. (C) Intraoperative dorsal view, deepithelization with a composite graft. (D) Intraoperative palmar view. (E) Immediate postoperative view, pocketing of the right hand. (F) Dorsal view after the depocketing of the finger. (G) Dorsal view after the division on postoperative month 2. (H) Dorsal view on postoperative month 6. (I) Palmar view on postoperative month 6. (J) Grasping seen on postoperative month 6.](aps-39-404-g002){#F2}

###### 

Summary of cases

![](aps-39-404-i001)

###### 

Subjective results and sensory recovery in cases with 6 months follow-up

![](aps-39-404-i002)

Good, static two-point discrimination of \<6.5 mm; fair, static two-point discrimination of 6.5 to 10 mm; poor, static two-point discrimination of \>10 mm.

###### 

Self-reported questionnaire and its results

![](aps-39-404-i003)

The first case of replantation of the thumb was reported by Komatsu and Tamai in 1968 \[[@BC1]\]. Recently, the quality of reconstruction and replantation in fingertip amputation from the distal unula have been improved. Even microsurgical replantation of amputated children\'s fingers became possible with a fine microsurgical technique.

However, the fingertip amputations from severe avulsion or crushing injury may prove challenging, especially in such cases where the transected blood vessel cannot be identified. When the necrosis of the amputation stump by either spasm or thrombosis is suspected after microreplantation, the surgeon can perform several surgical or nonsurgical procedures to improve the survival rate of the amputation stump.

In the past, the subcutaneous pocket method in the areas of the groin, axilla, or chest was used for the impossible microsurgical replantation of the finger amputation. In 2001, Arata et al. \[[@BC2]\] reported using the palmar subcutaneous pocket for fingertip replantation with a composite graft. However, whether the subcutaneous pocketing method should be the first choice remains questionable because the requisite 2 to 3 week fixation period could result in joint stiffness and prolonged rehabilitation.

There are a number of factors related to the success rate and complications in replantation and reconstruction of a fingertip amputation. These factors include patient age, sex, occupation, hand dominance, pre-existing medical condition, vasculopathy, tobacco use, amputation level and site, patient motivation and cooperation, and surgical method.

In cases of microsurgically impossible replantation of a fingertip amputation, composite graft with either induced limited hypothermic therapy or the wet dressing technique and hyperbaric oxygen therapy may allow graft survival in pediatric patients without joint stiffness \[[@BC3]\].

A 2nd toe pulp free flap or other free flap can be very effective for sensory recovery and durability of the fingertip in reconstruction of a fingertip defect with useless amputated segments. However, the increased microsurgical technical requirements and hospital stay for the patient are drawbacks \[[@BC4]\].

Local flaps such as a volar V-Y advancement flap or a lateral V-Y advancement flap could allow for a short recovery interval and preserve sensory innervation, especially in cases of either dorsally oblique or transverse complete amputation. Digital artery perforator flaps, such as a propeller flap, are also good alterative choices. If thrombosis and spasm threaten replantation survival after microreplantation, sequential use of a microsurgical technique and pocketing of composite graft method described by Kim et al. \[[@BC5]\] in 2001 is a valid alternative management technique in these cases.

In conclusion, microsurgical replantation of fingertip amputations at the level distal to the lunula can prove challenging, especially if microvascular anastomosis is in question. For each therapeutic option discussed above, the factors which effect the outcome and complication rate should be guidelines deciding the indication.
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